Sepsis is thought to result from an exaggerated innate immune response to microbial components such as lipopolysaccharide (LPS), but the involvement of a specific mechanism(s) has not been identified. We studied the role of caspase 1 (Cas-1) in the murine innate immune response to infection with gram-negative bacteria and to nonlethal and lethal doses of LPS. cas-1 ؊/؊ and Cas-1 inhibitor (Ac-YVAD-CHO)-treated cas-1 ؉/؉ mice were two-to threefold more susceptible to lethal Escherichia coli infection than cas-1 ؉/؉ mice. Administration of Cas-1 products, interleukin-18 (IL-18) or IL-1␤, protected three of three and six of seven mice, respectively, from lethal infection with E. coli compared to none of six of untreated mice (P ‫؍‬ 0.0082). Therefore, cas-1 is essential for antibacterial host defense. Nonlethal (75 g) and lethal (500 g) doses of LPS induce different patterns of gamma interferon, IL-1␤, and IL-18 expression. Consequently, the role of Cas-1, which cleaves pro-IL-18 and pro-IL-1␤ to their active forms, was investigated in these disparate conditions by using enzymatic assay and reverse transcription-PCR. At 75 g, LPS induced a transient increase in IL-1␤ and IL-18 levels in serum, whereas at 500 g it induced a 1.5-fold-higher IL-18 level in serum, which increased till death. At 75 g of LPS, splenic cas-1 mRNA expression remained unchanged at all time points, but activity increased transiently at 3 h. In lethally treated mice, Cas-1 activity remained elevated until death; however, cas-1 mRNA levels increased at 3 h and decreased to basal levels by 8 h. Treatment with Cas-1 inhibitor protected mice from lethal endotoxemia. Thus, Cas-1 is essential for innate antibacterial host defenses and may represent a mechanism of innate immunity that upon excessive stimulation by microbial components may lead to endotoxic shock.
Sepsis is a leading cause of mortality after microbial infections and is thought to result from a dysregulated innate immune response to microbial products, such as lipopolysaccharide (LPS); however, few specific mechanisms critical to innate immunity have been shown to become altered during the development of sepsis (32) . Understanding the regulatory mechanisms that become altered in the development of shock may help in the design of effective therapies for the treatment of sepsis.
Proinflammatory cytokines, such as interleukin-1␤ (IL-1␤) and gamma interferon (IFN-␥), are involved in antimicrobial defenses (15, 16, 20, 40) . The recently discovered IFN-␥-inducing factor IL-18 exerts pleotropic activities (7) and plays an important role in defense against a variety of gram-positive and -negative bacterial pathogens (3, 8, 9, 12, 25, 27, 31, 34, 39) . Excessive synthesis of IL-1␤ and IL-18, however, is also associated with septic death (17, 24, 28, 29, 36) . This suggests that a controlled expression of IL-18 expression may be critical to the lethal outcome of LPS-induced innate immune response.
Synthesis of IL-1␤ and IL-18 depends upon the proteolytic cleavage of their precursor polypeptides (pro-IL-1␤ and pro-IL-18) by the cysteine protease caspase 1 (Cas-1), also called IL-1-converting enzyme (13, 14) . Like IL-18 Ϫ/Ϫ mice, cas-1 Ϫ/Ϫ mice do not produce bioactive IL-18 nor do they produce IL-1␤ and are resistant to LPS toxicity (21, 22) . Also, Cas-1 inhibitors suppress IL-1␤ and IL-18 synthesis and protect mice from endotoxin shock (14, 23) . Thus, Cas-1 is considered essential for the toxic effects of LPS. Given its involvement in IL-18 maturation, Cas-1 can also be expected to play an important role in gram-negative antibacterial host defenses (ABHD). However, this is not well characterized.
In the present study, we show that Cas-1 is important in innate host defenses against Escherichia coli infection. However, unlike the case with a nonlethal dose of LPS, high doses of LPS dramatically upregulate cas-1 expression leading to lethality. This association of different levels of expression of one component of the innate immune response to LPS, Cas-1, with both ABHD and lethal inflammation lends support to the hypothesis that sepsis is a dysregulation of innate immune response.
against homogenization buffer containing 10% sucrose (Sigma), 0.1% NP-40 (Sigma), and 2 mM dithiothreitol (Sigma) overnight at 4°C. The dialysate was used for Cas-1 activity measurements. Reactions with enzyme preparation alone, with enzyme mixed with Cas-1 substrate (Ac-YVAD-pNA) or inhibitor (Ac-YVAD-CHO), and with substrate alone were also run as controls. The total increase in the optical density at 405 nm (OD 405 ) versus that of the enzyme-alone wells was calculated.
Western blot analysis of IL-18 and Cas-1 protein. Equal amounts of tissue protein were separated on a 7.5% sodium dodecyl sulfate (SDS)-polyacrylamide gel. The proteins were transferred to an Immobilon-P membrane by using a semiblot transfer procedure and immunostained with polyclonal antibodies reactive to the mature and precursor forms of murine IL-18 and Cas-1 (Santa Cruz Biologicals, Inc., Santa Cruz, Calif.), according to the manufacturer's protocol. The blots were developed by using TMB membrane substrate (Kirkegaard & Perry Laboratories, Gaithersburg, Md.).
RESULTS
Cas-1-deficient mice are more susceptible to infection. To assess the importance of Cas-1 activity in ABHD, wild-type C3H/HeN cas-1 ϩ/ϩ , heterozygous C3H/HeN cas-1 ϩ/Ϫ , and C3H/HeN cas-1 Ϫ/Ϫ mice from the same litter were tested for susceptibility to lethal infection with E. coli. The cas-1 Ϫ/Ϫ mice succumbed to bacterial infection with an LD 50 of 3,860 CFU/ ml. In contrast, the wild-type and cas-1 ϩ/Ϫ heterozygous mice of the same background were killed by E. coli at an LD 50 of 13,700 CFU/mouse, a three-to fourfold difference in susceptibility (Table 1) . Thus, Cas-1 activity is required for optimal host defenses against a classically "extracellular" gram-negative bacterium associated with sepsis.
Cas-1 inhibitor renders C3H/HeN mice susceptible to bacterial infection. Since knockout mice may have other unidentified defects that may affect the experimental outcome, we also treated wild-type mice with a pharmacological inhibitor of Cas-1. Administration of a single dose (5 mg/kg) of Ac-YVAD-CHO i.p., rendered wild-type C3H/HeN mice Ͼ2-fold more sensitive to infection with E. coli compared to untreated mice (Fig. 1) . The LD 50 of E. coli decreased from 13,700 CFU/ mouse in mice not receiving Cas-1 inhibitor to 5,250 CFU/ mouse after treatment with Cas-1 inhibitor. Thus, cas-1 Ϫ/Ϫ and wild-type mice treated with Cas-1 inhibitor were more susceptible to infection with E. coli than were untreated wild-type mice.
Recombinant murine IL-18 and IL-1␤ protect cas-1 ؊/؊ mice from infection. If the inability of cas-1 Ϫ/Ϫ mice to produce IL-18 and IL-1␤ upon exposure to gram-negative bacteria (data not shown) were responsible for their greater susceptibility to bacterial infection, administration of exogenous rmIL-18 and/or rmIL-1␤ would restore their resistance to infection. In preliminary experiments, cas-1 Ϫ/Ϫ mice were treated with different concentrations of rmIL-18 and 3 h later, the circulating IL-18 levels were determined. Administration (5) . Therefore, these doses of rmIL-18 and rmIL1␤ were used for reconstitution of antibacterial defense in cas-1 Ϫ/Ϫ mice. At 3 h after cytokine administration, mice were challenged with three times the LD 50 of E. coli (ϳ12,000 CFU/ mouse) and then observed for mortality. The administration of 500 U of IL-1␤ completely protected most of the cas-1 Ϫ/Ϫ mice from E. coli infection (one of seven died), whereas 250 U did not (data not shown). Similarly, treatment with 10 ng of IL-18 also protected cas-1 Ϫ/Ϫ mice from E. coli infection (none of three died) ( Table 2) . Thus, the administration of both products of Cas-1, IL-1␤, or IL-18 alone protected mice against lethal bacterial infection.
LPS-induced lethality is associated with high levels of IL-18. The data presented above suggest that Cas-1 activity is essential for ABHD and in its absence, Cas-1 products, IL-18 and IL-1␤, complemented the requirement of Cas-1 for ABHD. Earlier, we showed that high IL-18 levels in serum stimulated cas-1 mRNA expression and were associated with lethal endotoxemia (17a). Therefore, we wanted to examine the role of cas-1 expression in the outcome of innate immune responses to gram-negative bacteria and/or LPS. Nonlethal (75 g) dose of LPS induced the expression of IL-1␤, IL-18, and IFN-␥ transiently, whereas LPS-induced lethality was associated with a sustained induction of high levels of these cytokines (Fig. 2) . The differences between these nonlethal and lethal immune responses may provide insights into the immune dysregulation observed during lethal shock.
The expression of IFN-␥ stimulated by 75 and 500 g of LPS was compared. No IFN-␥ was detected for up to 3 h after LPS administration at either dose. At 8 h after LPS treatment, IFN-␥ levels increased to 8.7 Ϯ 1.8 ng/ml (75 g of LPS) and 19.3 Ϯ 5.6 ng/ml (500 g). However, by 20 h, when lethally endotoxic mice were generally moribund, no IFN-␥ was detected in mice treated with 75 g of LPS, whereas 23.7 Ϯ 2.7 ng of IFN-␥/ml was present in 500 g of LPS-treated mice (P Ͻ 0.0001 by two-way analysis of variance [ANOVA] analysis) ( Fig. 2A and D) .
Since IFN-␥ synthesis is induced by IL-18, we next measured the IL-18 levels in these mice. Similar changes in IL-18 levels were induced by nonlethal and lethal doses of LPS ( Fig. 2B and E), as were seen with IFN-␥, suggesting that the IL-18 levels measured with this ELISA detected biologically active IL-18. IL-18 synthesis started soon after LPS treatment, increased up to 5.86 Ϯ 0.91 ng/ml at 8 h and decreased to 1.7 Ϯ 0.2 ng/ml by 24 h in mice treated with 75 g of LPS (Fig. 2B ). In contrast, in mice treated with 500 g of LPS, IL-18 levels increased to 9.1 Ϯ 1.6 ng/ml at 8 h and continued to increase until death (Fig. 2E) . Serum from moribund mice (ca. 20 h post-LPS) contained 18.8 Ϯ 1.2 ng of IL-18/ml (P Ͻ 0.0001 by two-way ANOVA analysis of IL-18 levels in mice treated with 75 and 500 g of LPS for 24 h.).
Expression of bioactive IL-18 requires proteolytic cleavage of its precursor form by Cas-1, which also catalyzes proteolytic maturation of IL-1␤ (13) . Therefore, the IL-1␤ levels in serum were also measured in these mice. Figure 1C shows that IL-1␤ levels in serum increased after treatment with 75 g of LPS to 0.8 Ϯ 0.25 ng/ml at 3 h, decreased to 0.45 Ϯ 0.09 ng/ml at 8 h, and returned to basal levels at 24 h. In contrast, in mice given lethal doses, IL-1␤ levels in serum increased to 0.88 Ϯ 0.07 ng/ml at 3 h and 1.53 Ϯ 0.04 ng/ml at 8 h and persisted at that level till death ( Fig. 2C and F) . Thus, unlike the nonlethal dose, lethal doses of LPS induced a sustained increase of Cas-1 products, IL-1␤, and IL-18.
Expression of IL-18 protein but not mRNA is affected in LPS-treated mice. IL-18 is usually expressed as a precursor polypeptide present in the cytoplasmic pool, which, upon cleavage by Cas-1, becomes biologically active IL-18 (13) . Increased transcription of the IL-18 gene may not be essential after nonlethal doses of LPS. However, the continuous synthesis of IL-18 triggered by lethal doses of LPS may demand a larger pool of IL-18 message. RT-PCR analysis of the total RNA prepared from liver and spleen tissue of mice treated with nonlethal and lethal doses of LPS revealed no significant differences in the expression of IL-18 mRNA in response to nonlethal or lethal doses of LPS ( Fig. 3A and B) . This is in agreement with the report that IL-18 mRNA is constitutively expressed and lacks the commonly observed RNA-destabilizing features of other cytokine mRNAs resulting in high constitutive levels of inactive pro-IL-18 precursor protein (7). Since IL-18 is usually stored in cells in the form of inactive precursor protein (pro-IL-18), we examined whether the differences in LPS-induced IL-18 levels were due to variations in the processing of IL-18 precursor protein (pro-IL-18). Tissue extracts prepared from the livers and spleens of LPS-treated mice were tested for the presence of precursor and mature forms of IL-18 by Western blot analysis. The IL-18 protein contents of spleen extracts of mice treated with 75 and 500 g of LPS were different (Fig. 3C) . In mice treated with 75 g of LPS, splenic IL-18 levels increased until 8 h but decreased to less than the basal level (lane 1) by 15 h after LPS treatment (Fig. 3C, lanes 2, 3, and 4) . In contrast, 500 g of LPS treatment stimulated greater levels of IL-18 and its precursor at 8 h (Fig. 3C, lane 6) , which remained higher than those observed in the spleens of mice treated with 75 g of LPS at 15 h (Fig.  3, lane 7 versus lane 4) . Furthermore, less IL-18 precursor was detected at 3 h in spleen extracts from mice treated with 500 g of LPS compared to those treated with 75 g of LPS (Fig. 3 , lane 5 versus lane 2). This result suggested that differences in pro-IL-18 processing were responsible for the differences in IL-18 expression in LPS-treated mice. Mice treated with 500 g of LPS were moribund by 15 h and died between 20 and 24 h. Therefore, no further samples were studied.
Cas-1 activity differs in mice treated with nonlethal and lethal doses of LPS. Since LPS treatment did not increase the transcription of IL-18 gene (Fig. 3A and B) but induced different levels of IL-18 and its precursor protein in spleen (Fig.  3C) , changes in Cas-1 activity may have been responsible for the differences in LPS-induced IL-18 expression. Cas-1 activity was therefore measured in spleen extracts prepared from LPStreated mice. As shown in Fig. 4A , Cas-1 activity increased by 3 h after LPS treatment in the spleens of mice receiving both doses of LPS (75 and 500 g). However, it decreased at 8 and 15 h after LPS treatment in the 75-g group. In contrast, in mice treated with 500 g of LPS, the Cas-1 activity increased by 3 h and remained elevated even at 8 and 15 h post-LPS ( Upregulation of cas-1 mRNA and protein in lethally challenged mice. The levels of cas-1 mRNA were estimated to determine whether transcriptional changes led to the differences in Cas-1 in LPS-treated mice. cas-1 mRNA levels in liver were unaffected by LPS at 3 h and 8 h after treatment with both doses (Fig. 4B) . Similarly, cas-1 mRNA levels remained unaltered in the spleens of mice receiving 75 g of LPS (Fig. 4C) . In contrast, cas-1 mRNA expression doubled at 3 h but returned to basal levels by 8 h after treatment with 500 g of LPS (Fig. 4C) . Thus, at the lethal doses of LPS, new Cas-1 precursor expression might explain the sustained processing of pro-IL-18 into mature IL-18.
In agreement with the mRNA levels, moderate levels of mature and precursor forms of Cas-1 protein were detected in spleen extracts from mice treated with 75 g of LPS (Fig. 4D , lanes 3 to 8, two mice per condition). In contrast, severalfoldhigher levels of both these forms of Cas-1 were detected by 3 h in the spleen extracts of mice treated with 500 g of LPS (Fig.  4D, lanes 9 and 10) . Compared to the 3-h levels, these levels decreased at later time points; high levels of Cas-1 and proCas-1 proteins persisted in the spleens of mice treated with 500 g of LPS for up to 15 h, particularly compared to the nonlethal dose of LPS (Fig. 4D, lanes 11 to 14) . These differences in the patterns of cas-1 expression and activity could contribute to the observed differences in IL-18 (and, ultimately, IFN-␥) levels in serum and may be responsible for different outcomes after LPS treatment. Cas-1 inhibitor protects against LPS lethality. To determine whether the increased level of Cas-1 expression plays a role in lethal endotoxemia, we treated mice with Cas-1 inhibitor 2 h before and after administration of lethal and nonlethal doses of LPS. Figure 5 shows that treatment with 75 g of LPS alone did not cause death (none of three died) in C3H/HeN mice; however, treatment with 500 g of LPS caused the death of C3H/HeN mice in less than 24 h (three of three died). However, treatment with 10 mg of Cas-1 inhibitor (Ac-YVAD-CHO)/kg at 2 h before and after LPS treatment, protected all mice from endotoxic death (none of three died; P Ͻ 0.0001). This shows that Cas-1, a critical enzyme in ABHD, is also of pivotal importance in the lethal immune responses to LPS.
DISCUSSION
In the present study, we show that Cas-1 is critical to innate host defenses against E. coli and in its absence, Cas-1 products, IL-18 or IL-1␤, restore ABHD. We further demonstrate that sustained activation of Cas-1, perhaps through mRNA upregulation, after exposure to a lethal dose but not a nonlethal dose of a microbial product, LPS, was associated with lethality. Thus, Cas-1 may represent one component of the innate immune response, whose level of expression is associated with the outcome after exposure to gram-negative bacteria or its LPS. The altered regulation of Cas-1 expression at lethal doses of LPS may contribute importantly to the development of sepsis, and the inhibition of Cas-1 activity may offer a strategy for the treatment of sepsis.
IL-18 was originally discovered as an IFN-␥-stimulating factor and has been shown to play an important role in antibacterial defense (3, 39) . Another cytokine, IL-1␤, also participates in murine antibacterial defenses (5) (20, 40) . However, these cytokines have also been associated with endotoxin-induced liver injury and death (17, 28, 30, 33) . Since their expression requires Cas-1-mediated maturation of their inactive precursor proteins, we hypothesized that understanding the expression of Cas-1 may help to explain the dual involvement of IL-18 and IL-1␤ in host defense and lethal endotoxemia.
We observed that cas-1 Ϫ/Ϫ mice were three-to fourfold more sensitive to bacterial infection than wild-type controls and treatment with Cas-1 inhibitor, Ac-YVAD-CHO rendered wild-type mice susceptible to infection. These observations differ from those of Sansonetti et al., who showed that Shigella spp. utilize host Cas-1 for invasion (34) . Here we show that Cas-1 is essential for defense against infections with E. coli. FIG. 3 . Expression of IL-18 mRNA and protein in LPS-treated mice. Total RNA prepared from spleen and liver tissue isolated from C3H/HeN mice before and at 3 and 8 h after administration of 75 or 500 g of LPS was analyzed by RT-PCR for IL-18 and GAPDH mRNA expression. The levels of IL-18 mRNA in the livers (A) and spleens (B) of mice treated with 75 g (ᮀ) and 500 g (s) were plotted as a ratio of IL-18 mRNA to GAPDH mRNA at the time points tested. Each point represents the mean Ϯ SE of results from three mice. (C) Equal amounts of protein from extracts of LPS-treated mouse spleens isolated at different time points were separated on 6 to 14% gradient SDS-polyacrylamide, transferred to Immobilon-P, and immunostained with anti-IL-18 antibody (1:500). Lane 1, zero hours; lanes 2, 3, and 4, at 3, 8, and 15 h after 75 g of LPS treatment, respectively; and lanes 5, 6, and 7, at 3, 8, and 15 h after 500 g of LPS treatment, respectively.
Our findings are in contrast to the report that Cas-1 deficiency does not affect host defense against primary infections with Candida albicans (26) . The differences in these observations may represent basic differences between immune mechanisms involved in host defense against infections with prokaryotic and eukaryotic microbes.
Although more susceptible to bacterial infection, cas-1
mice did not appear to be as susceptible to infection with E. coli as LPS-hyporesponsive mice such as C3H/HeJ, which can die after infection with as few as 10 bacteria (4). This may be due to the role of other LPS-induced, Cas-1-independent cytokines in antibacterial defense. For example, IL-12 confers protection against yersiniosis in BALB/c mice (2, 26) . Alternatively, other caspases and proteases may mediate the synthesis of IL-1␤ (1, 18) and IL-18 (1, 10, 14) in cas-1 Ϫ/Ϫ mice and maintain basal antibacterial resistance (11, 26) . In agreement with the previously reported involvement of IL-18 or IL-1␤ in ABHD (3, 39) , exogenous IL-18 and IL-1␤ rendered cas-1 Ϫ/Ϫ mice resistant to bacterial infection ( Table 2) . Administration of excessive IL-18 to cas-1 Ϫ/Ϫ mice, however, led to mortality after bacterial infection (data not shown). This was consistent with our earlier observation that the presence of insufficient or an excess amount (i.e., greater than an "optimal" level) of circulating IL-18 caused mortality after FIG. 4 . Effect of LPS on Cas-1 expression. Spleens and livers of C3H/HeN mice were isolated at 0, 3, and 8 h after treatment with 75 g (ᮀ) and 500 g (s) of LPS. Cas-1 activity was determined in spleen extracts prepared by the method of Thornberry (35) . Enzyme activity was calculated as follows: (maximum OD 405 /microgram of protein) ϫ 10,000. Each point represents the mean Ϯ SE of at least two animals. (A) Reactions with enzyme preparation alone and with enzyme plus substrate plus 10 M Cas-1 inhibitor were used as controls. Total RNA was analyzed by RT-PCR for cas-1 and GAPDH mRNA levels, and the cas-1 mRNA levels in the livers (B) and spleens (C) of mice treated with 75 g (ᮀ) and 500 g (s) of LPS were plotted as the ratio of Cas-1 to GAPDH. Spleen extracts containing equal amounts of protein were separated on an SDS-7.5% polyacrylamide gel, transferred to Immobilon-P membrane, and immunostained with polyclonal anti-Cas-1 antibody (1:1,000). Blot represents two separate mice per time point per treatment group. Lanes 1 and 2, zero hour; lanes 3 and 4, 75 g of LPS at 3 h; lanes 5 and 6, 75 g of LPS at 8 h; lanes 7 and 8, 75 g of LPS at 15 h; lanes 9 and 10, 500 g of LPS at 3 h; lanes 11 and 12, 500 g of LPS at 8 h; lanes 13 bacterial infection. Supra-optimal IL-18 levels induced cas-1 mRNA expression, thus initiating a positive regulatory loop, which led to the synthesis synthesis of even higher IL-18 levels (and mortality) after treatment with a high dose of LPS (17a). Although LPS presumably induced these levels by its effect on Cas-1 activity, we wanted to study the effect of Cas-1 upregulation on immune responses more directly. We observed that the patterns of Cas-1 activity after the different doses of LPS paralleled that of IL-18 expression. Both lethal and nonlethal doses of LPS induced Cas-1 enzymatic activity at 3 h. However, Cas-1 activity decreased by 8 h after treatment with 75 g of LPS, whereas it remained elevated for 15 h in animals given lethal doses. Thus, the ability to downregulate Cas-1 activity appears critical for a well-regulated response to LPS.
Cas-1 is usually expressed constitutively in an inactive (proCas-1) form that requires proteolytic activation through Cas-11 (37) . This posttranslational processing alone appeared responsible for increased Cas-1 activity in animals treated with 75 g of LPS. In contrast, increased transcription, translation, and proteolytic activation of Cas-1 were all found to contribute to the sustained enhancement of Cas-1 expression and activity in mice treated with 500 g of LPS.
The mechanism(s) responsible for this reduction in Cas-1 activity and consequently the levels of IL-1␤, IL-18, and IFN-␥ in serum after treatment with nonlethal doses of LPS may have been overwhelmed by the lethal dose of LPS. The increased cas-1 mRNA and protein expression observed in the spleens of mice given lethal doses of LPS at 3 h (Fig. 3C and D) was not reflected in a proportional increase in splenic Cas-1 enzyme activity (Fig. 3A) . This low enzyme activity despite high level of protein expression may be due to the presence of endogenous inhibitors of Cas-1 activity such as nitric oxide (19) or the serpin proteinase inhibitor 9 (42) . If true, this may suggest that in mice challenged with a lethal dose of LPS, the endogenous Cas-1 inhibitor(s) is exhausted, resulting in a late, unopposed Cas-1 activity. We are investigating this possibility further.
Sustained activity and protein levels of Cas-1 may be critical for the development of LPS-induced lethality. We showed that high levels of IL-18 in serum obtained after a lethal dose of LPS induced Cas-1 expression, thus initiating a novel positive regulatory feedback loop and resulting in synthesis of even greater levels of circulating IL-18 (17a). Cas-1 activation can inhibit apoptosis of neutrophils (38) , thereby promoting neutrophil mediated-tissue injury, a process that may be important in lethal endotoxemia (28) . Excess Cas-1 protein may also cause inflammatory injury through the deleterious accumulation of proinflammatory cytokines (IL-18, IL-1␤, and consequently IFN-␥) (41) . Indeed, Cas-1-deficient mice are resistant to LPS-induced shock (14, 21, 22) In conclusion, we have shown that Cas-1 is a component of innate ABHD; however, excessive Cas-1 expression is accompanied by LPS lethality in the absence of infection. A better understanding of the mechanisms that regulate Cas-1 expression may provide early clues to the development of sepsis and suggest additional targets for therapeutic intervention.
